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PROBLEM TO BE SOLVED: To provide a plasma processing method, reducing damage 
to a device caused by accumulation of charge on a substrate surface, and compatibly 
performing high-speed, anisotropic etching. 

SOLUTION: A high frequency electric field for a discharge is pulse modulated in 10 to 100 
H seconds to produce a plasma 7, and an RF electric field of 600 kHz or less is applied to 
a substrate electrode 8 in the plasma. In a normal continuous plasma discharge, negative 
ions are produced less than about 10% of positive ions and rise to the same degree as the 
positive ions when in an afterglow plasma. Then, when an RF electric field of 600 klHz or 
less is applied, ions of heavy masses are also accelerated sufficiently following said ions, 
and the positive and negative ions impinge on the substrate surface, each by half a cycle. 
Therefore charge accumulation is suppressed and not only the positive but also negative 
ions can contribute to etching, resulting in increased etching speed. 



COPYRIGHT: (Q1998.JPO 



09) B#Hii$fFjf (jp) < ,2 > & M 1# ffr £r 16 <A) mwmm&mm* 

#M¥10- 284297 

(43)&KB ^10^(1998)10^235 



(5i)inta' mm** 

H 0 5 H 1/46 
C 2 3 F 4/00 
H 0 1 L 21/3065 



F I 

H0 5H 1/46 
C 2 3 F 4/00 

H0 1L 21/302 



(21)fflBI#^ 


^83^10 - 88491 


(71)ffi®A 


000004237 




#8J¥7-115655«)#«!J 






(22)ffl®0 


¥*3c7#Kl995) 5 JJ15B 




JftK8ttiK£HTB 7 # 1 # 






<72)5SW# 


Mr. 








Jfc£tR*iK£HTB7#l** B^&Stf* 














(74)f$SA 


J60* ittff (*2£) 



(54) [§ewcD«»] zmxrmmu&zizPtomw 



(57) [I?*-J] 

tm&m mmm<vmmmm* 10-100 »® 

X'JVUA$m LX 79X7 t . 7" 9 Xv+iOlHR 
Wv6 0 0 k H z JaT«OR FWUfrflllfft* . 

h z tiro r f epiirt s t m&com w --t >• & + 

*>t* HX'% < ft-f * >' i X y f - V^fcW^-T* . X -y 



CA3 



3 4 5 




\-7-f u a A 




9 ffl ( 80C ) 



(2) 



?fll¥l 0-284297 



h nx% *v m l x amtfx & 7? x^t L.m?°j x^ 
zmuzmmi xmwmzfto xyx^m^miza 
wc . ^)vx&\mm% i o-i o QMW$mt lx 

-?+£f&g£it*:K$«ffi^ 6 0 0kHz WT^OR F« 

.r t mmt&TvX'j'mxm. 

H93R382 ] r^Xv&jfcSrtT'&M&fc: J: -Jt«4t 

HT, m*f?ihB#fSj£ 1 0 — 1 0 O^&^iSlllfc LT 
3ft«ffllKfl!««*iy^^ajaH-^ i (c J: *)W 

>• Sr&jit L , 6>ol£T5 X^4"fct£S $ *ufc*KWE'v 
6 0 0 k H zlJtROR F^$raUirrS £ t (Ck 0 T y 

x^^jERi^n^^ytmnFmrr^mm-r^ 
mzmmizj&zv&z t znwb tz>:ryx-mm.:}> 

* £ (c J: . iSV)li?fSa5 Wit L oofflRSaaSr 

ttzi o %mri -r&zkznmt^-h it^n 1 a> & 3 
tztsm<07 y x-?mm-nm. 

o««fc . . tmmfe^ 10-1 

-rafctfxo' wxmi&fc . /7XvMif*icoifts 

C600kH zJaT«ORF*#*EHSnf ftRFlffiHSrfl- 
t^C>:*«i!J:nr5X?«I, 

[000 1] 

mmww&mzfroxyxvmmmmizmi-z t^-c* 

[0002] 

fy/iitLt. H7 < a ) t,zjFr$-i><r>&$>&, 

tf-S*BBB5 6- 1 5 5 5 3 <ttfflft6 0-13 

4 4 2 3#£«#!H. £ raSSHttW ?nS608Cj: 

•i. c?-»m ? a > a y^nsisre+tcjc. ? * > -^pm 6 1 

4 Sr-fe •/ h t. Mst^ftCS 0 0 k H z — 1 3 . 5 6MH 
z Oittft/ ^7X5: E|ljn Ltx^y ^- vXS&S^fr ohco 
X'$>%> » 07(B) UZ^b^coRFmKbM^XU 
A -A >Mimm*r?®X'$> & . 1§B3¥4 - 1 0 3 7 S 



fy^^%H:tl»W:iSt*15' e c r£« 

itfir^froSt/q TX^EEfc 100 — 600 kHz 
COMMtil Sr LT X y f- >'X"f 4 £#>i0 ESR75X 
vx-^fy X§IS#f 28* £ ftX v % & . 
[0003] 

itabkz^ £ i> <7>-C^> & , ^ wx$mx y X-? r 

x-mmnmmvs-h tmzx v-mv&m ■ »*«x 

[0005 J 

M*JW**>"o^fltjhi^ias 10-10 Qu&nmmt 
Lxxyx^&ftmm ] ®m%>vvxvm l . a^ist y 
x~?4>izmmvfcmfciz6 o o k h z uit^^m 

x-hh. 

[0006] am ) *.»bhtI4, /WXff jhWB* 1 

o—ioo fxmzmss. ixy°yx-?zrvuxmiiThz 

^-^n-4'T-^J:<±B£$jh.. ZcoteStm&tf 1 0 
-1 0 0^#SJKT'^5<I>:<CJ:^ o CtfOB*. 600k 
H zUtT<7)R F^2riS7-5X-7tcg]jB-r^ >E11 
( B ) fcjjrT J: d C*M«Sv ^3E • ft 'f ^ X*m F«# 

fc{c*&. cittcio. mmmx'^nwffimffli* 

ix, Ztz. IL-i A ytffr *)X~%< nm $ iiX AJtf t ^cft 

Jtvtij: o r i x y ^ >X^iitfcot\ x 
Jft<»9_bff3&*«I«fT'*&. ^Srffl^>^7"9X^r 

->^-f?^'x -y +yX%mi-t& z t * J -c# § o 

[0007] ^iD i 3 C ttSBt'WliiTfSC,}: &-f 

/ <-< - ^Sr JtpMT* & i: i: i te . ast**o» 

[0003] 

iwjp&tftfojm] hi (a) i&sjtm&miT&t: 

tgftb 3-f iV€> tzl &W.mz£ 0 ?yX-3l tOufrtZ 

xyx~?$Lf$M i tmw.mmb &E.mzm®*?& x a 

t,Zffif&2irX^&. Zcoy-yX^dEj^mzltXyX-^i: 
tfc, 2. 4 5 GH ziSir)?^ ^ Dt$SAt$Si!!t 



(3) 



EfBB-TI 0-2 84 2 97 



5lz£ 0 1 0-5 OvWz/VUX$m%tl* y'?x-?± 
^tcKS$a^«rh;u ^Sc^K9^<i:4 0 0k 
H 2 WW TAtfma&tlX \ * m 1 (B)liRFt 

[0009] H2«I83R7 - 9X^fc:*Jlt^T7^«-^o 
-77X74^^^ ^>«t^«^^t. RF 
m*»7-0. 90kW, iiEO. 4 7Pa(^fftflY 
**/li^-OPF (T=15. Oms ec«) f& 
HUfHSflW* L . 3 0^ ffi&SX'gkJm £ t 

EE ^flE) *)Hfft*ar#\ 6 00kHzOT 

ft t 4 * x £ OT#Qffi£2E£ec A Sfrf h t&Xrb %> * 

IEtM JtV& 6 0 0 k H zlXFtO&MWW TXizX 0 

[0012] ttz. *mnm^mktztm-*%> z t 

[0013] mn^S^H-ooTlSW-r^, 

t0014]d^)B# % OOOkHzW.Fy^TX^I 

IK 3r £ izitix x . y f - yfmmtlM I . x > ^ 
^l&fe-f & JM J: ot^X7^f>'yt;^^ 

— ft$*u a-f^^^CwAAttxx 

[0015] 16ti7>f^at, 4 ^fSHK. 

-f * y jE-f * y ^^£et^»^i?±+co^(c 6 0 0k 



h z c7>(py^^R f / <>r r * £ BiSDf 6 c h toeim y 

<7)^"Cx-/^^Srff ECR/7 

xv^rii i o /is^jK^ttrora+t+^^apa^iE 
*«aioo/t»fiofflwffjb 

6 0 0 kH z t#S:MO F F^CBttlltS 

±ntmn ( ^ ) «r«w-r & - 1 *^t«b 

-^llte^^^m^^*lEWi: 1 0-1 0 

0 ^XJESS^ J: ^Zt tiifrfr h . 
[0016] 

^mnrnzuwi. mmwmcom^m - &mR ■ 

[03] »«/Wr^JB*»taHSS^-^«EE 

[05 3 **RHtaiHH^*>!i*0«>a. 
[06 3 *»?H*IWW&fc^BI* 

[07] ffi^Jtc^^r^xvx^^y^^si^r 

[^-oift^] 

1 rwt^y^ 

2 

4 jvvz.mu 

6 n-fyp 

7 /7X7 

8 Wl 

9 mm 

60 1 r^xv±figs 

602 RJ6^ 

603 yuy-fHrM/U 

6 04 T^^X-egi* tt-U* 

60 5 WftV 

6 0 7 Xf>l*AP 

6 08 'e^^o^ 
609 

6 1 0 a*K#/l^ 

6 14 i7f^S¥l(li) 



(4) 



ftBWl 0-284297 



mi) 



[H2] 













b m 









14. 9 15 15. 1 15. 2 15. S I 5. 4 
^RST (msec) 



<Pr F -0. 90*W, p-0. 47 P*. T-1S. Oms e < C 
RF/<7-OP V) . 




* ra<i»o 



[H3] 



(H4 3 





N s : 2 0 s e cm 




L 0. SatTorr 




* ~ #* </ • : 2D OW 




\ m RF power : SOW 











100 C V) 



200 400 600 600 1000 



J I 5 : >r*>t*ID*tt 




-60 -40 -20 0 20 40 



80 100 



(5) 



mffl¥ 10-284297 



IM5) 



me) 



0. 1 $*■ 



\ 

* 0. 1 

w 

A 

© 

A 

n 0. D5 




C 1 1 : aOsccm 

a-W*v« : J kW 

PuUe Duty Ratio: 50« 

3 mTo r r 

RP biaa t ~30V : SCO k Hx 



10 



! 

8 



i 

\ 

n 

.A 



CW I 0 



30 



(A) 



.1 0 ju s e c 



^9- CW) 





10 0/1 sot 















* (S (itsec) 



CB) 



(tn A/cm*) 



CO 




[07] 



CA1 



#X«AC1 607 




eoo 



CB> 




